Objectives The aim of this cross-sectional study was to assess oral health-related quality of life (OHRQoL) in patients with rheumatoid arthritis (RA) and its relation to specific RA characteristics. Material and methods Within the oral examination, the need for dental (carious teeth showing cavitation) and periodontal treatment (presence of a probing depth ≥ 3.5 mm) and the number of missing teeth (M-T) were recorded. OHRQoL was assessed with the German short version of the Oral Health Impact Profile (OHIP G14). The disease activity score (DAS28-ESR), disease duration, number of swollen/painful joints and duration of morning stiffness were retrieved from the patient records. Results A total of 176 patients with a mean age of 62.5 ± 10.2 years were included. The overall OHIP G14 sum score was 5.4 ± 7.1. The M-T showed a significant correlation with the dimensions of oral function (r = 0.25, p = 0.001) and psychosocial impact (r = 0.20, p = 0.009) and the sum score (r = 0.26, p = 0.001). The DAS28-ESR showed a significant correlation with psychosocial impact (r = 0.19, p = 0.012) and the sum score (r = 0.16, p = 0.041). The duration of morning stiffness was correlated with oral function (r = 0.19, p = 0.019), psychosocial impact (r = 0.18, p = 0.024) and the sum score (r = 0.22, p = 0.006). The effect size of these correlations was interpreted as small. Conclusion Disease activity, morning stiffness and missing teeth are associated to OHRQoL of patients with RA. Accordingly, multidisciplinary dental care appears necessary for these patients. Clinical relevance The prevention of tooth loss as well as the consideration of psychosocial and disease-specific parameters in the multidisciplinary dental care of RA patients is necessary.
Introduction
The main objectives in the therapy of rheumatoid arthritis (RA) are to manage inflammation-related pain and to maintain or improve physical function, as well as the quality of life, of patients [1] . This is because patients suffering from RA show distinct changes in their quality of life that are caused not only by direct effects of the underlying disease but also by different psychological factors [2] . Accordingly, a reduced quality of life and a high prevalence of anxiety and depression can be observed in RA patients [3] .
Oral health-related quality of life (OHRQoL) is a specific sub-aspect of general health-related quality of life that can be affected by both oral and general health [4] . In general, dental and periodontal disease negatively influence OHRQoL [5, 6] ; however, an influence of general health and disease burden on Gerhard Schmalz and Stefan Noack contributed equally as the first author.
OHRQoL, especially in medically compromised patients, e.g. patients undergoing haemodialysis or suffering from ankylosing spondylitis, has previously been reported [7, 8] . Accordingly, several previous studies have evaluated the OHRQoL of patients with RA, showing reduced OHRQoL in these individuals in comparison to generally healthy individuals [9] [10] [11] [12] . Different explanations might be conceivable for the worse OHRQoL in RA patients: on the one hand, it is well known that RA is associated with periodontitis [13] [14] [15] . Furthermore, patients with RA were found to show an increased number of missing teeth [14] [15] [16] . Moreover, disease-or medication-related complaints such as xerostomia can reduce OHRQoL in patients suffering from RA [17] . In contrast, a recent study showed the impaired OHRQoL to be independent of the oral health condition [9] . Another study was able to show associations between disease-specific parameters and OHRQoL in a cohort of patients with ankylosing spondylitis [8] . These findings make an influence of RAspecific parameters on OHRQoL in RA patients conceivable. Until now, this has been only an assumption and has not yet been confirmed by clinical examinations.
Accordingly, the current study aimed to assess OHRQoL in a large cohort of patients with RA. To draw conclusions about the main reason for the reduced OHRQoL, an analysis of the different dimensions "oral function", "psychosocial impact", "oral pain" and "orofacial appearance" should be executed. Therefore, associations of oral health as well as specific RA characteristics with OHRQoL and the different dimensions should be investigated. It was hypothesized that diseasespecific factors are associated with the psychosocial impact dimension of OHRQoL.
Materials and methods

Design
The current investigation was designed as a clinical, monocentric, cross-sectional study. It has been reviewed and approved by the local ethics committee (application No. 14/2/ 13). All included participants were informed verbally and in writing about the rationale and course of the study and gave their written informed consent for participation.
Study participants
During the routine examination, patients suffering from RA were informed about the study and asked for their voluntary participation. For the current study, patients were selected on the basis of previously defined in-and exclusion criteria. An age of at least 18 years and a medical diagnosis of RA according to the criteria of the American College of Rheumatology and the European League Against Rheumatism [18] assessed by a rheumatologist were the mandatory conditions for participation. Furthermore, the following exclusion criteria were used: severe general disorders preventing the individual from undergoing oral examinations, immunosuppressive therapy other than RA medication, infectious diseases, addictive disorders, diabetes mellitus, cardiovascular diseases, neuropathy, pregnancy and renal disorders.
From the general health records in the rheumatology clinic, the age, sex, smoking habits (smoker or not), disease duration (time since first RA diagnosis), current disease activity score for RA (DAS28-ESR) [19] , the presence of swollen or painful joints and morning stiffness of the participants were assessed.
Patient questionnaires
Oral health behaviour
All participants were asked to answer specific questions regarding their oral health behaviour, including the subjective importance of healthy teeth for themselves, the self-reported history of dental rehabilitation since they received an RA diagnosis, the time since their last dental visit and the reason for their last dental visit.
Oral health impact profile (OHIP G14)
All participants had to fill out the German short version of the Oral Health Impact Profile (OHIP G14), which is a valid instrument for assessing OHRQoL [20, 21] . Therefore, the occurrence of 14 functional and psychosocial impacts that participants experienced in the previous month as a result of complaints with their teeth, mouth or dentures was assessed. For each question, there were five different answer options: very often = "4", fairly often = "3", occasionally = "2", hardly ever = "1" and never = "0". Accordingly, a total score between "0" (all questions were answered with "never") and "56" (all questions were answered with "very often") was possible. Aside from statistical significance, differences in OHIP G14 values by an average of 2 or more points were interpreted as clinically relevant, following the principle of minimally important difference [22] . In addition to the sum score of the OHIP G14, the four different dimensions, "oral function", "psychosocial impact", "oral pain" and "orofacial appearance", were considered [23] . Furthermore, the dimensions "disability and handicap", "pain" and "limitation and discomfort" are presented [24] .
Oral examination
All patients underwent one oral examination under standardized conditions, which was conducted by two experienced and calibrated dentists (kappa ≥ 0.8). Within the oral examination, the need for dental and periodontal treatment was determined.
The dental examination included the visual evaluation of the number of decayed (D-T), missing (M-T) and filled teeth (F-T) (DMF-T index) [25] with a mirror and probe. Thus, teeth with a carious cavitation on the tooth surface indicated the need for dental treatment and were assigned to the D-T component. The presence of a D-T of ≥ 1 was interpreted as "dental treatment need". To assess periodontal treatment need, the periodontal probing depth (PD) and bleeding on probing (BOP) were assessed at 6 measurement points per tooth using a periodontal probe with a millimetre scale (PCP 15; Hu Friedy, Chicago, IL, USA). According to PSR/PSI [26], a PD of ≥ 3.5 mm in more than one sextant was interpreted as a need for periodontal treatment.
Statistical analysis
Statistical analysis was performed using SPSS, Version 23.0 (SPSS Inc., USA.). Metric variables are presented as the mean values and standard deviations. Categorical data are presented as absolute and relative frequencies. To compare the two independent samples, the Mann-Whitney U test was applied; more than two independent variables were analysed using the Kruskal-Wallis test. To detect correlations between the OHIP G14 values and specific parameters, Spearman's rank correlation coefficient was applied. According to Cohen 1988 , the effect size of correlations was interpreted as small (0.1-0.3), medium (0.3-0.5) or large (> 0.5) [27] . The significance level was set at p < 0.05.
Results
Patients
A total of 176 patients with a mean age of 62.5 ± 10.2 years were included. All participants suffered from RA, with an average disease duration of 92.0 ± 102.0 months and a disease activity score (DAS28-ESR) of 3.6 ± 1.4. The periodontal treatment need was very high, as it was present in 97% of the patients (Table 1 ).
OHIP G14 findings
The mean overall OHIP G14 sum score was 5.4 ± 7.1. The values corresponding to the different dimensions and the included single questions are presented in Table 2 .
Because of the high prevalence of periodontal treatment need (97%), the association of this parameter with the OHIP G14 values could not be analysed. While dental treatment need showed no associations with the OHIP findings, the M-T showed a significant correlation with the dimensions of oral function (r = 0.25, p = 0.001) and psychosocial impact (r = 0.20, p = 0.009) as well as the OHIP G14 sum score (r = 0.26, Values are shown as the mean value ± standard deviation [median] p = 0.001; Fig. 1a -c). The participants who rated the importance of oral health for themselves as high had a clinically relevant higher OHIP G14 sum score than those who provided lower ratings (5.9 ± 7.5 vs. 3.8 ± 5.6; p = 0.061; Table 3 ). Furthermore, the time since the last dental visit (p = 0.024) and reason for visiting the dentist (p = 0.036) showed clinically relevant and statistically significant associations with the dimension psychosocial impact ( Table 3 ).
Correlations of OHIP with age and disease-specific parameters
The dimension psychosocial impact showed a negative correlation with the age of the patients (r = − 0.19, p = 0.012). The DAS28-ESR of the participants showed a significant correlation with the dimension psychosocial function (r = 0.19, p = 0.012) and the OHIP G14 sum score (r = 0.16, p = 0.041; Table 4 ). Furthermore, the duration of morning stiffness was found to be correlated with the dimensions of oral function (r = 0.19, p = 0.019) and psychosocial impact (r = 0.18, p = 0.024) as well as with the OHIP G14 sum score (r = 0.22, p = 0.006; Table 4 ).
Discussion
Summary of the main results: In particular, the number of missing teeth was found to be correlated with the OHIP G14 sum score and the dimensions oral function and psychosocial impact. Furthermore, disease activity assessed by the DAS28-ESR and duration of morning stiffness showed correlations with the OHIP G14 findings. Thus, disease activity was correlated with the sum score and dimension psychosocial impact, while morning stiffness showed a correlation to all of the above, the sum score, oral function and psychosocial impact.
Comparison with international literature: Within the current study, no healthy control group was recruited. However, the available reference values for the healthy general population allow for a close comparison of the OHIP G14 sum score. These reference values have been provided by John et al. and indicate a median score of 0 for dentate patients and ≤ 4 for partially dentate patients [28] . As the current study included both fully and partially dentate participants, a median value between 0 and 4 in the OHIP G14 sum score can be interpreted as comparable to the generally healthy population. Although the mean value of the sum score was 5.4 ± 7.1 and was thus slightly higher than the reference values, the median value for the RA patients in the current study was 2.5. This result suggests that the OHRQoL of the total cohort is not considerably worse than that in the healthy general population. A previous study examined a cohort of 100 patients suffering from RA regarding their OHRQoL and found a mean value of 7.3 for the OHIP sum score, which is slightly higher than that in the current study [9] . Similarly, the OHIP results for patients with ankylosing spondylitis, a more severe rheumatic disease, indicated a mean value of 6.2, which is comparable to the current study's findings [8] . Moreover, a large Finnish evaluation that administered the OHIP14 to RA patients showed slightly higher OHIP scores than the current study as well [12] . Another recent study found a moderate reduction in OHRQoL in RA-affected subjects [10] . Only Blaziot et al. concluded that the OHRQoL of patients with RA is poor [11] . Accordingly, the literature suggests a slight to moderate reduction in OHRQoL in patients suffering from RA, which can be supported by the findings of the current study.
To understand the complexity of OHRQoL, the analysis of its four dimensions, including "oral function", "psychosocial impact", "orofacial appearance" and "oral pain", can be recommended [23] . This might identify which dimension is mainly affected in RA patients. As the German short form of r = 0.25 p = 0.001 In contrast to the OHIP sum score, no reference values for these scores are available yet. However, one previous study that investigated a cohort of patients undergoing haemodialysis found the mean value for oral function to be 1.7 and that of psychosocial impact to be 2.1, which is comparable to those in the RA group in the current study [7] . This can lead to the presumption that the effects of these dimensions are comparable between different patients with severe general (chronic) diseases. However, more comparable literature is needed to draw conclusions regarding this issue. While previous studies have shown impaired OHRQoL in individuals with rheumatic disease to be independent of oral health conditions [8, 9] , the current study found a significant correlation between the number of missing teeth and the OHIP G14 score. Moreover, this result was present in the results on both oral function and psychosocial impact. RA is potentially associated with tooth loss, resulting in an increased number of missing teeth [13] [14] [15] . A large number of missing teeth is associated with reduced OHRQoL in generally healthy participants [29, 30] . Accordingly, this correlation seems plausible. This result is of potential clinical relevance because prosthetic rehabilitation can sustainably improve OHRQoL [31] . Moreover, periodontal diseases can affect OHRQoL [6] .
Considering the bidirectional relationship between periodontitis and rheumatoid arthritis [13, 14] , the exceptionally high periodontal treatment need in the RA cohort within the current study is comprehensible. Because 97% of the patients needed periodontal treatment, it was not possible to investigate this issue regarding OHRQoL, but an impact is plausible. Additionally, the time since the last dental visit and its reason were associated with the psychosocial impact dimension of the OHIP G14. It is conceivable that patients who consulted their dentist within the 3 months before the examination in particular did this because they experienced pain. This is one possible explanation; however, these associations cannot be compared to any existing literature.
Another major finding was the correlation between RAspecific parameters and OHRQoL. A previous study investigating patients with ankylosing spondylitis found disease activity and specific complaints to be associated with a worse OHIP G14 sum score [8] . In the current study, disease activity was especially correlated with psychosocial impact. This result is in line with that in a recent study showing a moderate reduction in OHRQoL to be related to a high general health deficit in RA patients [10] . It is known that disease activity, reflected by the DAS28-ESR, is an independent predictor of health-related quality of life in RA patients [32] . As a part of health-related quality of life [4] , OHRQoL seems to be affected by disease activity, especially that regarding psychosocial impact. Furthermore, the duration of morning stiffness was correlated with a worse OHIP G14 sum score, including both oral function and psychosocial impact. Similar to disease activity, morning stiffness is associated with worse healthrelated quality of life [33] . Moreover, the presence of prolonged morning stiffness affects patients' ability to perform daily routine tasks [34] . Accordingly, the functional aspect, which potentially affects food intake, especially in the morning, might influence aspects such as "taste worsened", the "necessity of interrupting meals" and "uncomfortable to eat" in the affected patients. As this is displayed in the dimension of oral function, the correlation with morning stiffness seems plausible. As potential confounders, age and disease duration can be discussed, because these parameters might be related to disease progress and severity and thus quality of life. While a negative correlation of age with the dimension psychosocial impact was found, the disease duration did not affect the OHRQoL findings. These results argue against the hypothesis that progress in severity of both oral health problems and rheumatoid arthritis with age and disease duration of the RA patients would lead to an increased affection of OHRQoL. Altogether, difficulties in self-care experienced by patients with RA, especially those with severe or longstanding forms of the disease, can be seen as a psychological burden with a potential effect on individual oral health perception. Therefore, disease activity, functional disability, depression and anxiety are important factors affecting patients' self-care and quality of life [35] . This might lead to a continuous reduction in general quality of life as well as OHRQoL in RA patients. Therefore, a multidisciplinary approach that provides personalized care of the patients, focusing on the specific difficulties experienced by individual RA patients, is needed [36] . This must be implemented in dental care settings accordingly.
Regardless of the fact that the detected correlations were statistically significant, they only reported weak relationships. According to the definition by Cohen [27] , the effect size of the significant correlations between 0.16 and 0.26 must be interpreted as small. This result might suggest only a slight effect of the examined parameters on the OHRQoL of the RA patients in the current study. However, the reduction in OHRQoL in general was rather minor, which might influence the scale of possible effects of RA-specific parameters on oral health. Therefore, it must be considered that the presented results are purely correlated and that they do not necessarily reflect cause-effect findings.
Strengths and limitations: To the authors´knowledge, this study has the largest cohort of patients suffering RA in which OHRQoL effects on oral health and disease-specific parameters have been investigated and is the first study investigating the different dimensions of OHRQoL in RA patients. The applied questionnaire is valid, and the clinical examinations were performed by calibrated dentists under standardized conditions. Although the OHIP G14 questionnaire is a valid instrument, it does not mandatorily reflect the physical impact of oral health and only reflects the individual perception of the patients. Therefore, a clear distinction between the impact of oral health and rheumatoid arthritis on OHRQoL in RA patients is not possible. It remains unclear whether the psychological burden of the underlying factors of RA affects patientsṕ erception of their oral health and thus their oral behaviour. Furthermore, the cross-sectional study design limits the possibility of drawing causative conclusions. Thereby, the gender distribution is conspicuous, showing more than three quarters of participants to be female. However, the analysis of potential associations between gender and OHIP G14 scores did not reveal a clinically relevant or statistically significant result. Moreover, it is well known that more female patients suffer from RA [37] . Accordingly, this gender distribution is a limitation indeed but is a general aspect within cross-sectional examinations of RA patients. The absence of a control group might be a limitation in comparing the OHIP G14 values. On the one hand, reference values for the healthy general population are available, and on the other hand, a comparison of disease-specific factors may be impossible regardless. Furthermore, RA patients are a heterogeneous group who consume different medications, which is a factor that has not been considered. However, immunosuppressive medication might be a major influential factor of oral health, disease activity and thus OHRQoL. In future studies, medication should be examined as an influential factor of OHRQoL. Moreover, the correlations assessed are slight to moderate correlations and show that there is not one major influential factor within the assessed parameters. This result underlines the complexity of the patient group and OHRQoL. In this respect, xerostomia may also be a major factor affecting OHRQoL in RA patients that may also be of relevance [17] , which was not considered in the current examination. Nevertheless, the current study provides new insights regarding the OHRQoL of RA patients with potential clinical relevance.
Conclusion
The number of missing teeth, disease activity and presence of morning stiffness are correlated with worse OHRQoL of patients suffering from RA. Accordingly, periodontal support to avoid tooth loss and prosthetic rehabilitation for patients with missing teeth might increase OHRQoL in these patients. Psychosocial and disease-specific parameters must be considered in the multidisciplinary dental care of RA patients.
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